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Abstract

This notepresentsplotsrelatedto Tevatron Normalized TransverseEmittancemeasurementcompar-
isonsdone usingFlying Wire andSynchrotron Light detectors for storesin the 2650-3000 range.
Resultsof fits of thelatticefunctionsbasedon thoseplotsarealsoshown.

Data Selection

Thestoresfor theplotswereselectedfrom June-September2003 runningperiod afterinsertionof theattenuatorsin theantiprotonFlying
Wire detectorsystem( stores2650 to 3000).

TheTevatronCasechosenfor analysiswere“BeforeRamp”(with thebeamenergy of 150GeV)and“Remove Halo” (with thebeam
energy of 980GeV) the latter is oneof the caseswherebothFW andSL systemsareactivated. The requirementsimposedon the data
were:

1. TheFW freshnessnumber (ACcelerator NETwork (ACNET) variable T:FWFRSH)in case“Before Ramp”hadto beincremented
by at leastonewith respectto thecase“ InjectPbars”and“RemoveHalo” hadto beincrementedby at leastonewith respectto the
case“Initiate Collisions”.

2. The TransverseEmittance asmeasuredby the FW E11 (combinedwith SBD in the Horizontal cases)hadto be between0 and
40(π � mm � mrad

�
(to avoid bothnonphysicalor difficult to measurecases).

3. Theantiprotons intensityhadto begreaterthan15E9andtheprotons intensityhadto begreater than215E9 (to avoid difficult to
measure cases)

In addition to theabove cutsthefollowing storeswereremovedfrom thesampleat 150GeV: 2830, 2839, 2847, 2857, 2868, 2879, 2883,
2971, 2973, 2979dueto eitherdetector or operationalreasons.Similarly at980GeVthefollowing storewererejected:2768, 2770,2791,
2792, 2795, 2805, 2810, 2813, 2815, 2817, 2826, 2828,2830, 2839,2847, 2857, 2868, 2879, 2883, 2908, 2910, 2912, 2916 ,2952, 2971,
2973, 2979, 2988.

1 Emittance calculations

Thefollowing formulaswereusedto calculatetheHorizontalandVertical(Normalized)Emittances:

εh � 6

�
σ2 ��� δp

p

� 2D2 � γL

β
εv � 6σ2 γL

β
where

δp � δt � � 32	 657 
 δt � ��� 3 	 5269 
 δt � 0	 13114
���

at 150GeVand
δp � δt � � 83	 293 
 δt � ��� 10	 562 
 δt � 0 	 8023

���
at 980 GeV low BetaSeeref [1]), δt is the T:SBD[A,P]WS ACNET variable(longitudinal beambunch spreadin ns), p is the beam
momentumin GeV, γL is theLorentz gamma,σ arebunchwidthasmeasuredbyeachof thedetectors(ACNETvariablesT:SL[A,P]S[H,V],
T:FW[H,V,E][A,P]SG).In theFW casethewidth is thearithmeticaverage of thetwo measurements(for bothof thewire passestrough
thebeam). In thesocalledmodified calculations(seefigures29,32) 42,44) 54,56) to calculatetheverticalemittancetheformula with
thedispersiontermsimilar to thehorizontal onewasused.Thedispersion(D) andβ latticefunctionsatE11, E17,C11(locationof theSL
detector) areshown in Table1.
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2 Lattice Function Fits and related Plots

Relationshipsbetweenlatticefunctionswerefittedusingthefollowing formula

σ2
2 � β2

β11
σ11

2 
 �
δp
p
� 2 �

D2
2 � β2

β11
D11

2 �
wheresubscript 2 refersto eitherSynchrotronLight (C11)or Flying Wire E17detectors,seefigures:2, 5, 7, 9, 11,13,19,25,28,31. 35,
39,41,43.47,51,53,55.Thefit procedurereturnedvaluesof β2

β11
andD2

2 � β2
β11

D11
2 whichweresubsequently usedto deriveSynchrotron

Light (C11)or Flying Wire E17lattice functionsgiven thenominal Flying Wire E11values,seefigures:3, 6, 8, 10, 12, 14, 20, 26, 29,
32. 36, 40, 42, 44. 48, 52, 54, 56. In the vertical casesin additionto the above proceduretheplot of SynchrotronLight (C11)versus
Flying Wire E11emittancewasusedto fit straightline with no offset to determine themultiplicative correctionfactorfor Synchrotron
Light (C11)betalatticefunctionsassumingthenominal Flying Wire E11values,seefigures: 28,31,41,43,53,55. In additionto thefits
plotsof σ17

2 versusσ11
2 andthefollowing quantities weremade:

σ17
2 � β17

β11
σ11

2 � �
δp
p
� 2 �

D17
2 � β17

β11
D11

2 � and

�
σ17

2 � β17

β11
σ11

2 �� � δp
p
� 2 � D17

2 � β17

β11
D11

2

theformer should bea linearfunctionof δp  p (seefigures:68,69, 70,71, 72,73, 74,75)andthelattershouldbeconstantif theaccelerator
parameterswerenotchanging (seefigures:69,71,73,75). Table1 shows theresultsof thelatticefunctionfits comparedto theirnominal
values.

Summary, Conclusions

1. Tevatron LatticeFunctionFits basedon TransverseNormalizedEmittancemeasurement comparisonsusingFlying Wire andSyn-
chrotronLight detectorsfor storesin the2650-3000 range at 150and980GeVwereperformed.

2. Comparisonsof theemittancemeasurementsusingnominal latticefunctionsshow significantdisagreements.

3. usingSBD[A,P]WSor SBD[A,P]SSvariables to calculatelongitudinal momentumspreadmakessignificantnumericaldifference
in emittancecalculations.

4. Comparisonsof theemittancemeasurementsshow significantstoreto storevariationsof theemittanceratioswhich probablyindi-
cateschanging latticefunctionsfor bothcertainstorerangesandindividual stores.Thevariationsat the“Before Ramp”caseseem
to beindependentfrom variationsat the“RemoveHalo” case.(seee.g.figures1, 4 18,24and69,71,73,75. Thelargeststepin the
mentionedplotsat 150GeV beamenergy canalsobecorrelatedwith significantchangesin thesocalledS6sextupole circuit which
weredone before store2810 [5].

5. Analysisof centroid positions at E11/E17/C11locations (seefigures 57,58,59)shows that

(a) beampositionat E11/E17changes very significantly( � 5 � 7mm) between“Before Ramp”and“Remove Halo” cases(note
thedifferencein theE11vertical shift for protonsandantiproton,figure57)

(b) beampositionat C11in “Remove Halo” caseshows muchstrongerstoreto storechangesthanthepositionat E11/E17. This
mayhaveaneffect on thestoredependentlatticefunction changesatbothE11/E17andC11locations.

(c) verticalantiprotonbeampositionstoredependencepatternatC11(seefigure59)showsquitesomeresemblance to thepattern
of thestoredependenceof theratioof theE17/E11 emittances in the“BeforeRamp”case(seee.g.figures1, 4)

6. By performingfits basedonbeamtransverseandlongitudinalspreadandadjustinglatticefunctionsonecanmakethemeasurements
agree betterexcept for

(a) at theE17locationonewouldneedto separatelatticefunctionsfor protonsandantiprotons

(b) thereis a dependenceonbunchnumber (or δp  p) in many cases

(c) oneneedsto usedifferent latticefunctionsfor differentstoreranges

Someof theaboveresultsmaybeaffectedby the � 10%horizontalprotonemittancemeasurementfluctuationsdueto still notunderstood
detectoreffect [4] although webelievethatqualitatively theconclusions shouldremainthesame.
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StoreRange nminl nominal nominal fitted fitted fitted afterfit fitted fitted fitted afterfit
Energy/Case� beta disp beta beta beta disp agreemnt beta beta disp agreemnt
Detector Funct Funct ratio ratio Funct Funct with E11 ratio Funct Funct with E11

[m] [m] [m] [m] [m] [m]
2650-2997 usingsigmadt usingrmsdt

150GeVBeforeRamp

FW E11H p & p 83.5 2.83 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E11V p & p 84.5 0.09 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E17H p 62.5 4.58 0.7485 1.0032 83.77 4.456 bad? 0.2069 17.27 5.865 v. bad???
FW E17H p 62.5 4.58 0.7485 1.0715 89.47 4.503 accptble? 0.7407 61.85 4.894 bad

980GeVRemoveHalo

FW E11H p & p 80.1 2.030 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E11V p & p 80.8 0.039 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E17H p 68.1 5.278 0.8502 0.7080 56.8 5.653 ok? 1.3515 108.3 5.221 ok?
FW E17H p 68.1 5.278 0.8502 0.7750 62.1 5.337 ok 1.4025 112.4 4.997 accptble
SL C11H p 50.0 1.517 0.6238 0.5855 46.9 2.934 accptble? 0.6697 53.68 2.957 accptble?
SL C11H p 34.0 1.182 0.4246 0.9422 75.5 2.500 bad 1.0258 82.23 2.329 accptble?
SL C11V p 107.8 -0.082 1.3348 1.7219 139.1 N/A accptble? 1.7234 139.2 N/A ok?
SL C11V p 101.6 -0.045 1.2579 2.3750 191.9 N/A accptble? 2.3372 188.8 N/A bad?

SL C11V p 107.8 -0.082 1.3348 1.6142 130.4 1.370 ok? 1.6404 132.6 1.170 ok?
SL C11V p 101.6 -0.045 1.2579 1.4654 118.4 3.293 accptble? 1.3184 106.5 3.702 bad?

2810-2997

150GeVBeforeRamp

FW E11H p & p 83.5 2.83 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E11V p & p 84.5 0.09 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E17H p 62.5 4.58 0.7485 1.0783 90.04 4.308 ok 0.6970 58.20 5.114 bad?
FW E17H p 62.5 4.58 0.7485 1.1439 95.51 4.343 accptble 0.9913 82.77 4.616 accptble?

980GeVRemoveHalo

FW E11H p & p 80.1 2.030 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E11V p & p 80.8 0.039 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E17H p 68.1 5.278 0.8502 0.7282 58.3 5.637 accptble 1.2000 96.19 5.497 ok?
FW E17H p 68.1 5.278 0.8502 1.2463 99.9 4.827 ok 1.6915 135.6 4.535 accptble?
SL C11H p 50.0 1.517 0.6238 0.4759 38.1 3.151 bad 0.6204 49.73 3.077 accptble?
SL C11H p 34.0 1.182 0.4246 1.0802 86.5 2.385 bad 0.8902 71.36 2.764 accptble?
SL C11V p 107.8 -0.082 1.3348 1.7483 141.2 0.000 badfit? 1.7849 144.2 0.000 badfit?
SL C11V p 101.6 -0.045 1.2579 1.4428 116.5 3.379 bad 1.2321 99.56 4.000 bad?

2676-2805

150GeVBeforeRamp

FW E11H p & p 83.5 2.83 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E11V p & p 84.5 0.09 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E17H p 62.5 4.58 0.7485 1.1263 94.05 4.519 accptble 0.5313 44.37 5.555 accptble?
FW E17H p 62.5 4.58 0.7485 1.3432 112.2 4.406 accptble? 1.1038 92.16 4.733 ok?

980GeVRemoveHalo

FW E11H p & p 80.1 2.030 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E11V p & p 80.8 0.039 N/A N/A N/A N/A N/A N/A N/A N/A N/A
FW E17H p 68.1 5.278 0.8502 0.6435 51.5 5.712 accptble? 1.6593 133.0 4.775 accptble?
FW E17H p 68.1 5.278 0.8502 0.7619 61.0 5.370 ok 1.4284 114.5 5.054 accptble?
SL C11H p 50.0 1.517 0.6238 0.8688 69.6 2.321 ok 0.9258 74.21 2.265 ok?
SL C11H p 34.0 1.182 0.4246 0.8539 68.4 2.614 accptble? 1.0304 82.60 2.283 accptble?
SL C11V p 107.8 -0.082 1.3348 1.4877 120.2 2.225 ok? 1.4698 118.8 2.543 ok?
SL C11V p 101.6 -0.045 1.2579 1.4796 119.5 3.317 accptble 1.4747 119.2 3.507 accptble?

Table1: Tevatronnominal andfittedbetaanddispersionfunctionsfor givenstorerangeslatticeconfigurationsandmeasurementlocations.
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Figure 1: Antiproton beam,horizontal detectors,nominal lattice: Stores2650-2997, 150 GeV CaseBefore Ramp: Comparisons of
Emittancemeasurementsasdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11: Bunchemittance(in π � mm �
mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofile

distribution with a straightline fit andthe idealprediction; bunch emittanceasmeasuredby FW E17Detectorover bunchemittanceas
measuredby the FW E11Detectorversusbunchnumber togetherwith an overlaid horizontal profile; bunchemittanceasmeasuredby
FW E17Detectoroverbunchemittanceasmeasuredby theFW E11Detectorversusrecalculatedδp  p (basedon δt theT:SBD[A,P]WS
ACNETvariable) with anoverlaid horizontalprofilewith astraightline fit; bunchemittanceasmeasuredby FW E17Detectoroverbunch
emittanceasmeasuredby theFW E11Detectorversusstorenumber with overlaid averagedratiosfor eachstoreanda horizontal line fit.
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Figure2: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2650-2997, 150GeVCaseBeforeRamp:Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure3: Antiproton beam,horizontal detectors, modified lattice: Stores2650-2997, 150 GeV CaseBeforeRamp: Comparisonsof
Emittancemeasurements asdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11usingfitted latticeparameters:
Bunchemittance(in π � mm � mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure4: Proton beam,horizontal detectors,nominal lattice: Stores2650-2997, 150GeV CaseBeforeRamp:Comparisons of Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11: Bunchemittance(in π � mm � mrad

�
as

measuredbyFW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaidhorizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunch numbertogetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby FW E17Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with an overlaid horizontal profile with a straightline fit; bunchemittanceasmeasuredby FW E17 Detectorover bunch emittanceas
measuredby theFW E11Detectorversusstorenumberwith overlaid averagedratiosfor eachstoreanda horizontalline fit.
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Figure5: Proton beam,horizontal detectors, nominal lattice: Stores2650-2997, 150 GeV CaseBeforeRamp: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure6: Protonbeam,horizontaldetectors,modifiedlattice: Stores2650-2997, 150GeVCaseBeforeRamp:Comparisonsof Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11 usingfitted lattice parameters: Bunch
emittance(in π � mm � mrad

�
asmeasuredby FW E17 Detectorversusbunchemittanceasmeasuredby the FW E11 Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure7: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2810-2997, 150GeVCaseBeforeRamp:Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure8: Antiproton beam,horizontal detectors, modified lattice: Stores2810-2997, 150 GeV CaseBeforeRamp: Comparisonsof
Emittancemeasurements asdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11usingfitted latticeparameters:
Bunchemittance(in π � mm � mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure9: Proton beam,horizontal detectors, nominal lattice: Stores2810-2997, 150 GeV CaseBeforeRamp: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure10: Protonbeam, horizontaldetectors,modifiedlattice:Stores2810-2997, 150GeVCaseBeforeRamp:Comparisonsof Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11 usingfitted lattice parameters: Bunch
emittance(in π � mm � mrad

�
asmeasuredby FW E17 Detectorversusbunchemittanceasmeasuredby the FW E11 Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure11: Antiproton beam,horizontaldetectors,nominal lattice:Stores2676-2805,150GeVCaseBeforeRamp:Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure12: Antiproton beam,horizontal detectors,modified lattice: Stores2676-2805, 150 GeV CaseBeforeRamp: Comparisonsof
Emittancemeasurements asdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11usingfitted latticeparameters:
Bunchemittance(in π � mm � mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure13: Protonbeam,horizontaldetectors, nominal lattice: Stores2676-2805, 150GeV CaseBeforeRamp:Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure14: Protonbeam, horizontaldetectors,modifiedlattice:Stores2676-2805, 150GeVCaseBeforeRamp:Comparisonsof Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11 usingfitted lattice parameters: Bunch
emittance(in π � mm � mrad

�
asmeasuredby FW E17 Detectorversusbunchemittanceasmeasuredby the FW E11 Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure15: Antiproton beam, horizontal detectors, nominal lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurementsasdoneby SynchrotronLight (SL) DetectoratC11andFlying Wire (FW) DetectoratE11:Bunchemittance(in
π � mm � mrad

�
asmeasured by SL C11Detectorversusbunch emittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontal

profiledistributionwith astraightline fit andtheidealprediction; bunchemittanceasmeasuredby SL C11Detectoroverbunchemittance
asmeasuredby theFW E11Detectorversusbunchnumbertogetherwith anoverlaid horizontalprofile; bunchemittanceasmeasuredby
SL C11Detectorover bunch emittanceasmeasuredby theFW E11Detectorversusrecalculatedδp  p (basedon δt theT:SBD[A,P]WS
ACNETvariable) with anoverlaid horizontalprofilewith astraightline fit; bunchemittanceasmeasured by SL C11Detectoroverbunch
emittanceasmeasuredby theFW E11Detectorversusstorenumber with overlaid averagedratiosfor eachstoreanda horizontal line fit.
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Figure16: Antiproton beam, horizontal detectors, nominal lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of
Sigmasquaredof thebunchwidth distributionmeasurementsasdone by SynchrotronLight (SL) C11Detectorwith predictionsbasedon
theFlying Wire (FW) E11Detectormeasurement: Sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theSL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure17: Antiproton beam,horizontal detectors, modifiedlattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurements asdoneby SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted lattice
parametersand formula with dispersionterm both in the horizontal and in the vertical cases:Bunchemittance(in π � mm � mrad

�
as

measuredby SL C11Detectorversusbunchemittanceasmeasured by theFW E11Detectorwith anoverlaid horizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasured by SL C11Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunchnumber togetherwith anoverlaidhorizontalprofile; bunchemittanceasmeasuredby SL C11Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with anoverlaid horizontalprofilewith a straightline fit; fit basedC11dispersionfunction asa function of theE11dispersionfunction.
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Figure18: Antiproton beam, horizontal detectors, nominal lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurementsasdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11: Bunchemittance(in π � mm �
mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofile

distribution with a straightline fit andthe idealprediction; bunch emittanceasmeasuredby FW E17Detectorover bunchemittanceas
measuredby the FW E11Detectorversusbunchnumber togetherwith an overlaid horizontal profile; bunchemittanceasmeasuredby
FW E17Detectoroverbunchemittanceasmeasuredby theFW E11Detectorversusrecalculatedδp  p (basedon δt theT:SBD[A,P]WS
ACNETvariable) with anoverlaid horizontalprofilewith astraightline fit; bunchemittanceasmeasuredby FW E17Detectoroverbunch
emittanceasmeasuredby theFW E11Detectorversusstorenumber with overlaid averagedratiosfor eachstoreanda horizontal line fit.
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Figure19: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2650-2997,980GeVCaseRemoveHalo: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure20: Antiproton beam,horizontal detectors, modifiedlattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurements asdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11usingfitted latticeparameters:
Bunchemittance(in π � mm � mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure21: Protonbeam, horizontaldetectors,nominal lattice:Stores2650-2997, 980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdone by Synchrotron Light (SL) Detectorat C11andFlying Wire (FW) Detectorat E11: Bunchemittance(in π � mm �
mrad

�
asmeasuredby SL C11Detectorversusbunch emittanceasmeasuredby theFW E11Detectorwith anoverlaidhorizontalprofile

distribution with a straightline fit andthe ideal prediction; bunchemittanceasmeasuredby SL C11 Detectorover bunchemittanceas
measuredby the FW E11Detectorversusbunchnumber togetherwith an overlaid horizontal profile; bunchemittanceasmeasuredby
SL C11Detectorover bunch emittanceasmeasuredby theFW E11Detectorversusrecalculatedδp  p (basedon δt theT:SBD[A,P]WS
ACNETvariable) with anoverlaid horizontalprofilewith astraightline fit; bunchemittanceasmeasured by SL C11Detectoroverbunch
emittanceasmeasuredby theFW E11Detectorversusstorenumber with overlaid averagedratiosfor eachstoreanda horizontal line fit.

25



0.12 0.13 0.14 0.15 0.16 0.17 0.18

-7x100.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.1

0.15

0.2

0.25

0.3

0.35

SL_Sigma2_v_FWE11_Sigma2_v_dpop2_hp_C13
#

0.12
0.13

0.14
� 0.15 0.16

0.17
0.18
� -7
x10

0.29
0.3

0.31
0.32

0.33
0.34

0.35
0.36

0.37

0.1

0.15

0.2

0.25

0.3

0.35

BFit: 0.624,1517.000,2030.000

0.12 0.13 0.14 0.15 0.16 0.17 0.18

-7
x100.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.25

0.26

0.27

0.28

0.29

0.3

0.31

0.32

0.33

0.34

0.35

SL_Sigma2_v_FWE11_Sigma2_v_dpop2_hp_C13
#

0.12
0.13

0.14
� 0.15

0.16
0.17

0.18
� -7
x10

0.29
0.3

0.31
0.32

0.33
0.34

0.35
0.36

0.37

0.26

0.28

0.3

0.32

0.34

AFit: 0.670,2956.584,2030.000
�

Figure22: Protonbeam, horizontal detectors,nominal lattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisonsof Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure23: Protonbeam,horizontaldetectors,modifiedlattice:Stores2650-2997,980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdone by SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted latticeparameters
andformulawith dispersiontermbothin thehorizontalandin thevertical cases:Bunchemittance(in π � mm � mrad

�
asmeasuredby SL

C11Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofiledistributionwith a straight
line fit andthe ideal prediction; bunchemittanceasmeasured by SL C11 Detectorover bunchemittanceasmeasuredby the FW E11
Detectorversusbunchnumber togetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby SL C11Detectorover bunch
emittanceasmeasuredby the FW E11 Detectorversus recalculatedδp  p (basedon δt the T:SBD[A,P]WS ACNET variable) with an
overlaid horizontal profile with astraightline fit; fit basedC11dispersionfunctionasa functionof theE11dispersionfunction.
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Figure24: Protonbeam, horizontaldetectors,nominal lattice:Stores2650-2997, 980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11: Bunchemittance(in π � mm � mrad

�
as

measuredbyFW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaidhorizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunch numbertogetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby FW E17Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with an overlaid horizontal profile with a straightline fit; bunchemittanceasmeasuredby FW E17 Detectorover bunch emittanceas
measuredby theFW E11Detectorversusstorenumberwith overlaid averagedratiosfor eachstoreanda horizontalline fit.
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Figure25: Protonbeam, horizontal detectors,nominal lattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure26: Protonbeam,horizontaldetectors,modifiedlattice:Stores2650-2997,980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11 usingfitted lattice parameters: Bunch
emittance(in π � mm � mrad

�
asmeasuredby FW E17 Detectorversusbunchemittanceasmeasuredby the FW E11 Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure27: Antiproton beam, verticaldetectors, nominal lattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisonsof Emit-
tancemeasurements asdoneby Synchrotron Light (SL) Detectorat C11 andFlying Wire (FW) Detectorat E11: Bunchemittance(in
π � mm � mrad

�
asmeasured by SL C11Detectorversusbunch emittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontal

profiledistributionwith astraightline fit andtheidealprediction; bunchemittanceasmeasuredby SL C11Detectoroverbunchemittance
asmeasuredby theFW E11Detectorversusbunchnumbertogetherwith anoverlaid horizontalprofile; bunchemittanceasmeasuredby
SL C11Detectorover bunch emittanceasmeasuredby theFW E11Detectorversusrecalculatedδp  p (basedon δt theT:SBD[A,P]WS
ACNETvariable) with anoverlaid horizontalprofilewith astraightline fit; bunchemittanceasmeasured by SL C11Detectoroverbunch
emittanceasmeasuredby theFW E11Detectorversusstorenumber with overlaid averagedratiosfor eachstoreanda horizontal line fit.
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Figure28: Antiprotonbeam,verticaldetectors,nominal lattice: Stores2650-2997,980GeV CaseRemove Halo: Comparisons of Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure 29: Antiproton beam,vertical detectors, modified lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisonsof
Emittancemeasurements asdoneby SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted lattice
parametersand formula with dispersionterm both in the horizontal and in the vertical cases:Bunchemittance(in π � mm � mrad

�
as

measuredby SL C11Detectorversusbunchemittanceasmeasured by theFW E11Detectorwith anoverlaid horizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasured by SL C11Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunchnumber togetherwith anoverlaidhorizontalprofile; bunchemittanceasmeasuredby SL C11Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with anoverlaid horizontalprofilewith a straightline fit; fit basedC11dispersionfunction asa function of theE11dispersionfunction.
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Figure30: Protonbeam,verticaldetectors, nominal lattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisonsof Emittance
measurementsasdone by Synchrotron Light (SL) Detectorat C11andFlying Wire (FW) Detectorat E11: Bunchemittance(in π � mm �
mrad

�
asmeasuredby SL C11Detectorversusbunch emittanceasmeasuredby theFW E11Detectorwith anoverlaidhorizontalprofile

distribution with a straightline fit andthe ideal prediction; bunchemittanceasmeasuredby SL C11 Detectorover bunchemittanceas
measuredby the FW E11Detectorversusbunchnumber togetherwith an overlaid horizontal profile; bunchemittanceasmeasuredby
SL C11Detectorover bunch emittanceasmeasuredby theFW E11Detectorversusrecalculatedδp  p (basedon δt theT:SBD[A,P]WS
ACNETvariable) with anoverlaid horizontalprofilewith astraightline fit; bunchemittanceasmeasured by SL C11Detectoroverbunch
emittanceasmeasuredby theFW E11Detectorversusstorenumber with overlaid averagedratiosfor eachstoreanda horizontal line fit.
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Figure31: Protonbeam,vertical detectors,nominal lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure32: Protonbeam,verticaldetectors,modifiedlattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisons of Emittance
measurementsasdone by SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted latticeparameters
andformulawith dispersiontermbothin thehorizontalandin thevertical cases:Bunchemittance(in π � mm � mrad

�
asmeasuredby SL

C11Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofiledistributionwith a straight
line fit andthe ideal prediction; bunchemittanceasmeasured by SL C11 Detectorover bunchemittanceasmeasuredby the FW E11
Detectorversusbunchnumber togetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby SL C11Detectorover bunch
emittanceasmeasuredby the FW E11 Detectorversus recalculatedδp  p (basedon δt the T:SBD[A,P]WS ACNET variable) with an
overlaid horizontal profile with astraightline fit; fit basedC11dispersionfunctionasa functionof theE11dispersionfunction.
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Figure33: Antiproton beam, horizontal detectors, nominal lattice: Stores2810-2997, 980 GeV CaseRemove Halo: Comparisons of
Sigmasquaredof thebunchwidth distributionmeasurementsasdone by SynchrotronLight (SL) C11Detectorwith predictionsbasedon
theFlying Wire (FW) E11Detectormeasurement: Sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theSL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure34: Antiproton beam,horizontal detectors, modifiedlattice: Stores2810-2997, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurements asdoneby SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted lattice
parametersand formula with dispersionterm both in the horizontal and in the vertical cases:Bunchemittance(in π � mm � mrad

�
as

measuredby SL C11Detectorversusbunchemittanceasmeasured by theFW E11Detectorwith anoverlaid horizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasured by SL C11Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunchnumber togetherwith anoverlaidhorizontalprofile; bunchemittanceasmeasuredby SL C11Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with anoverlaid horizontalprofilewith a straightline fit; fit basedC11dispersionfunction asa function of theE11dispersionfunction.
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Figure35: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2810-2997,980GeVCaseRemoveHalo: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure36: Antiproton beam,horizontal detectors, modifiedlattice: Stores2810-2997, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurements asdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11usingfitted latticeparameters:
Bunchemittance(in π � mm � mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure37: Protonbeam, horizontal detectors,nominal lattice: Stores2810-2997, 980GeV CaseRemove Halo: Comparisonsof Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure38: Protonbeam,horizontaldetectors,modifiedlattice:Stores2810-2997,980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdone by SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted latticeparameters
andformulawith dispersiontermbothin thehorizontalandin thevertical cases:Bunchemittance(in π � mm � mrad

�
asmeasuredby SL

C11Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofiledistributionwith a straight
line fit andthe ideal prediction; bunchemittanceasmeasured by SL C11 Detectorover bunchemittanceasmeasuredby the FW E11
Detectorversusbunchnumber togetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby SL C11Detectorover bunch
emittanceasmeasuredby the FW E11 Detectorversus recalculatedδp  p (basedon δt the T:SBD[A,P]WS ACNET variable) with an
overlaid horizontal profile with astraightline fit; fit basedC11dispersionfunctionasa functionof theE11dispersionfunction.
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Figure39: Protonbeam, horizontal detectors,nominal lattice: Stores2810-2997, 980GeV CaseRemove Halo: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure40: Protonbeam,horizontaldetectors,modifiedlattice:Stores2810-2997,980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11 usingfitted lattice parameters: Bunch
emittance(in π � mm � mrad

�
asmeasuredby FW E17 Detectorversusbunchemittanceasmeasuredby the FW E11 Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.

44



0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

-7x100.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.1

0.2

0.3

0.4

0.5

0.6

SL_Sigma2_v_FWE11_Sigma2_v_dpop2_va_C13
#

0.110.12 0.13
� 0.14 0.15 0.16 0.170.18

� -7
x10

0.1
0.120.14

0.16
0.18
0.20.22

0.24
0.26

0.28
0.3
0.1

0.2

0.3

0.4

0.5

0.6

BFit: 1.258,-45.000,39.000

0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

-7
x100.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

SL_Sigma2_v_FWE11_Sigma2_v_dpop2_va_C13
#

0.110.12 0.13
� 0.14 0.15 0.16 0.170.18

� -7
x10

0.10.12
0.14

0.16
0.180.2

0.22
0.24

0.26
0.28
0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

AFit: 1.232,4000.465,39.000
�

Figure41: Antiprotonbeam,verticaldetectors,nominal lattice: Stores2810-2997,980GeV CaseRemove Halo: Comparisons of Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure 42: Antiproton beam,vertical detectors, modified lattice: Stores2810-2997, 980 GeV CaseRemove Halo: Comparisonsof
Emittancemeasurements asdoneby SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted lattice
parametersand formula with dispersionterm both in the horizontal and in the vertical cases:Bunchemittance(in π � mm � mrad

�
as

measuredby SL C11Detectorversusbunchemittanceasmeasured by theFW E11Detectorwith anoverlaid horizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasured by SL C11Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunchnumber togetherwith anoverlaidhorizontalprofile; bunchemittanceasmeasuredby SL C11Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with anoverlaid horizontalprofilewith a straightline fit; fit basedC11dispersionfunction asa function of theE11dispersionfunction.

46



0.12 0.13 0.14 0.15 0.16 0.17 0.18

-7x10
0.34

0.36

0.38

0.4

0.42

0.44

0.46

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

SL_Sigma2_v_FWE11_Sigma2_v_dpop2_vp_C13
#

0.12
0.13

0.14
� 0.15 0.16

0.17
0.18
� -7
x10

0.34
0.36

0.38
0.4

0.42
0.44

0.46

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

BFit: 1.335,-82.000,39.000

0.12 0.13 0.14 0.15 0.16 0.17 0.18

-7
x10

0.34

0.36

0.38

0.4

0.42

0.44

0.46

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

SL_Sigma2_v_FWE11_Sigma2_v_dpop2_vp_C13
#

0.12
0.13

0.14
� 0.15

0.16
0.17

0.18
� -7
x10

0.34
0.36

0.38
0.4

0.42
0.44

0.46
0.5

0.55
0.6

0.65

0.7
0.75

0.8
0.85

0.9

AFit: 1.785,-1.000,39.000
�

Figure43: Protonbeam,vertical detectors,nominal lattice: Stores2810-2997, 980 GeV CaseRemove Halo: Comparisons of Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure44: Protonbeam,verticaldetectors,modifiedlattice: Stores2810-2997, 980GeV CaseRemove Halo: Comparisons of Emittance
measurementsasdone by SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted latticeparameters
andformulawith dispersiontermbothin thehorizontalandin thevertical cases:Bunchemittance(in π � mm � mrad

�
asmeasuredby SL

C11Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofiledistributionwith a straight
line fit andthe ideal prediction; bunchemittanceasmeasured by SL C11 Detectorover bunchemittanceasmeasuredby the FW E11
Detectorversusbunchnumber togetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby SL C11Detectorover bunch
emittanceasmeasuredby the FW E11 Detectorversus recalculatedδp  p (basedon δt the T:SBD[A,P]WS ACNET variable) with an
overlaid horizontal profile with astraightline fit; fit basedC11dispersionfunctionasa functionof theE11dispersionfunction.
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Figure45: Antiproton beam, horizontal detectors, nominal lattice: Stores2676-2805, 980 GeV CaseRemove Halo: Comparisons of
Sigmasquaredof thebunchwidth distributionmeasurementsasdone by SynchrotronLight (SL) C11Detectorwith predictionsbasedon
theFlying Wire (FW) E11Detectormeasurement: Sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theSL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure46: Antiproton beam,horizontal detectors, modifiedlattice: Stores2676-2805, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurements asdoneby SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted lattice
parametersand formula with dispersionterm both in the horizontal and in the vertical cases:Bunchemittance(in π � mm � mrad

�
as

measuredby SL C11Detectorversusbunchemittanceasmeasured by theFW E11Detectorwith anoverlaid horizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasured by SL C11Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunchnumber togetherwith anoverlaidhorizontalprofile; bunchemittanceasmeasuredby SL C11Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with anoverlaid horizontalprofilewith a straightline fit; fit basedC11dispersionfunction asa function of theE11dispersionfunction.
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Figure47: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2676-2805,980GeVCaseRemoveHalo: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure48: Antiproton beam,horizontal detectors, modifiedlattice: Stores2676-2805, 980 GeV CaseRemove Halo: Comparisons of
Emittancemeasurements asdoneby Flying Wire (FW) Detectorat E17andFlying Wire Detectorat E11usingfitted latticeparameters:
Bunchemittance(in π � mm � mrad

�
asmeasuredby FW E17Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure49: Protonbeam, horizontal detectors,nominal lattice: Stores2676-2805, 980GeV CaseRemove Halo: Comparisonsof Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure50: Protonbeam,horizontaldetectors,modifiedlattice:Stores2676-2805,980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdone by SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted latticeparameters
andformulawith dispersiontermbothin thehorizontalandin thevertical cases:Bunchemittance(in π � mm � mrad

�
asmeasuredby SL

C11Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofiledistributionwith a straight
line fit andthe ideal prediction; bunchemittanceasmeasured by SL C11 Detectorover bunchemittanceasmeasuredby the FW E11
Detectorversusbunchnumber togetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby SL C11Detectorover bunch
emittanceasmeasuredby the FW E11 Detectorversus recalculatedδp  p (basedon δt the T:SBD[A,P]WS ACNET variable) with an
overlaid horizontal profile with astraightline fit; fit basedC11dispersionfunctionasa functionof theE11dispersionfunction.
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Figure51: Protonbeam, horizontal detectors,nominal lattice: Stores2676-2805, 980GeV CaseRemove Halo: Comparisonsof Sigma
squaredof thebunchwidth distributionmeasurementsasdone by Flying Wire (FW) E17Detectorwith predictionsbasedon theFW E11
Detectormeasurement:Sigmasquared of thebunchwidth distribution (in mm 2) asmeasured by the FW E17Detectorasa function of
sigmasquaredof thebunch width distribution(in mm 2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared(basedon
δt theT:SBD[A,P]WSACNET variable)with anoverlaidcontour of theprediction basedon thenominal latticefunctions;Predictionof
sigmasquaredof thebunch width distribution (in mm 2) for E17Detectorasa functionof sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E11Detectorversusrecalculatedδp  p squared basedon thenominal latticefunctions; two lower plots
have thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure52: Protonbeam,horizontaldetectors,modifiedlattice:Stores2676-2805,980GeVCaseRemoveHalo: Comparisonsof Emittance
measurementsasdoneby Flying Wire (FW) Detectorat E17 andFlying Wire Detectorat E11 usingfitted lattice parameters: Bunch
emittance(in π � mm � mrad

�
asmeasuredby FW E17 Detectorversusbunchemittanceasmeasuredby the FW E11 Detectorwith an

overlaid horizontal profile distribution with a straightline fit andtheidealprediction; bunchemittanceasmeasuredby FW E17Detector
over bunchemittanceasmeasuredby the FW E11 Detectorversusbunchnumber together with an overlaid horizontal profile; bunch
emittanceasmeasuredby FW E17Detectoroverbunch emittance asmeasuredby theFW E11Detectorversusrecalculatedδp  p (based
onδt theT:SBD[A,P]WSACNETvariable)with anoverlaid horizontalprofilewith astraightline fit; fit basedE17dispersionfunction as
a functionof theE11dispersion function.
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Figure53: Antiprotonbeam,verticaldetectors,nominal lattice: Stores2676-2805,980GeV CaseRemove Halo: Comparisons of Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure 54: Antiproton beam,vertical detectors, modified lattice: Stores2676-2805, 980 GeV CaseRemove Halo: Comparisonsof
Emittancemeasurements asdoneby SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted lattice
parametersand formula with dispersionterm both in the horizontal and in the vertical cases:Bunchemittance(in π � mm � mrad

�
as

measuredby SL C11Detectorversusbunchemittanceasmeasured by theFW E11Detectorwith anoverlaid horizontalprofiledistribution
with a straightline fit andtheidealprediction; bunchemittanceasmeasured by SL C11Detectorover bunch emittanceasmeasuredby
theFW E11Detectorversusbunchnumber togetherwith anoverlaidhorizontalprofile; bunchemittanceasmeasuredby SL C11Detector
over bunch emittanceasmeasuredby theFW E11Detectorversus recalculatedδp  p (basedon δt theT:SBD[A,P]WSACNET variable)
with anoverlaid horizontalprofilewith a straightline fit; fit basedC11dispersionfunction asa function of theE11dispersionfunction.
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Figure55: Protonbeam,vertical detectors,nominal lattice: Stores2676-2805, 980 GeV CaseRemove Halo: Comparisons of Sigma
squaredof the bunchwidth distribution measurementsasdoneby SynchrotronLight (SL) C11 Detectorwith predictions basedon the
Flying Wire (FW) E11 Detectormeasurement: Sigmasquared of the bunchwidth distribution (in mm 2) as measured by the SL C11
Detectorasafunction of sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detectorversus recalculated
δp  p squared(basedon δt theT:SBD[A,P]WSACNET variable)with anoverlaid contour of theprediction basedon thenominal lattice
functions;Predictionof sigmasquaredof thebunchwidth distribution(in mm 2) for SL C11Detectorasafunction of sigmasquaredof the
bunchwidth distribution (in mm2) asmeasured by theFW E11Detectorversus recalculatedδp  p squaredbasedon thenominal lattice
functions;two lowerplotshave thesamedatapointsbut havecontoursbasedon thefitted latticefunctions.
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Figure56: Protonbeam,verticaldetectors,modifiedlattice: Stores2676-2805, 980GeV CaseRemove Halo: Comparisons of Emittance
measurementsasdone by SynchrotronLight (SL) Detectorat C11andFlying Wire (FW) Detectorat E11usingfitted latticeparameters
andformulawith dispersiontermbothin thehorizontalandin thevertical cases:Bunchemittance(in π � mm � mrad

�
asmeasuredby SL

C11Detectorversusbunchemittanceasmeasuredby theFW E11Detectorwith anoverlaid horizontalprofiledistributionwith a straight
line fit andthe ideal prediction; bunchemittanceasmeasured by SL C11 Detectorover bunchemittanceasmeasuredby the FW E11
Detectorversusbunchnumber togetherwith anoverlaid horizontalprofile; bunch emittanceasmeasuredby SL C11Detectorover bunch
emittanceasmeasuredby the FW E11 Detectorversus recalculatedδp  p (basedon δt the T:SBD[A,P]WS ACNET variable) with an
overlaid horizontal profile with astraightline fit; fit basedC11dispersionfunctionasa functionof theE11dispersionfunction.
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Figure57: Stores2650-2997,CaseBeforeRampandRemoveHalo: Bunchcentroidposition(in mm) (basedontheT:FW[E,H,V][A,P]CE
ACNET variable) versusstorenumber for horizontal antiproton (ha)andproton(hp) aswell asvertical antiproton(va) andproton (vp)
FW E11Detectors(150 GeVBeforeRamppoints in green, 980GeV Remove Halopoints in red).

61



2650 2700 2750 2800 2850 2900 2950 3000 3050
2

3

4

5

6

7

8

9

10

11

12

h2_FWE17_ha_Cntroid_v_Store_C13

Entries  1428
Mean x    2797
Mean y   2.911
RMS x    109.6

RMS y   0.1405
       0      1       0
       0   1427      0
       0      0       0

h2_FWE17_ha_Cntroid_v_Store_C13

Entries  1428
Mean x    2797
Mean y   2.911
RMS x    109.6

RMS y   0.1405
       0      1       0
       0   1427      0
       0      0       0

h2_FWE17_ha_Cntroid_v_Store_C08

Entries  2598
Mean x    2815
Mean y   10.67
RMS x    100.6

RMS y   0.2524
       0     14      0
       0   2573      0
       0     11      0

FWE17_ha_Cntroid_v_Store_C08C13

2650 2700 2750 2800 2850 2900 2950 3000 3050
-3

-2

-1

0

1

2

3

4

5

6

7

h2_FWE17_hp_Cntroid_v_Store_C13

Entries  1428
Mean x    2797
Mean y   5.389
RMS x    109.6

RMS y   0.1379
       0      0       0
       0   1428      0
       0      0       0

h2_FWE17_hp_Cntroid_v_Store_C13

Entries  1428
Mean x    2797
Mean y   5.389
RMS x    109.6

RMS y   0.1379
       0      0       0
       0   1428      0
       0      0       0

h2_FWE17_hp_Cntroid_v_Store_C08

Entries  2598
Mean x    2814
Mean y  -2.309
RMS x    100.6

RMS y   0.2396
       0      0       0
       0   2598      0
       0      0       0

FWE17_hp_Cntroid_v_Store_C08C13

Figure58: Stores2650-2997,CaseBeforeRampandRemoveHalo: Bunchcentroidposition(in mm) (basedontheT:FW[E,H,V][A,P]CE
ACNET variable) versusstorenumber for horizontal antiproton (ha)andproton(hp) aswell asvertical antiproton(va) andproton (vp)
FW E11Detectors(150 GeVBeforeRamppoints in green, 980GeV Remove Halopoints in red).
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Figure59: Stores2650-2997, 980GeV CaseRemove Halo: Bunchcentroidposition(in mm) (basedon theT:SL[A,P]C[H,V] ACNET
variable) versusstorenumber for horizontalantiproton (ha)andproton (hp) aswell asverticalantiproton (va) andproton (vp) SL C11
Detectors.
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Figure60: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2650-2997,150GeVCaseBeforeRamp:Comparisonsof longi-
tudinalbunchlength(in ns) asreportedby SBD according to Gaussianfit sigmaandRMS (basedonT:SBD[A,P]SSandT:SBD[A,P]WS
ACNETvariables): RMS versussigma;RMS; sigma;ratioof RMS andsigmaversusstorenumber.

64



0.0035 0.004 0.0045 0.005 0.0055 0.006

-1x10
0.0035

0.004

0.0045

0.005

0.0055

0.006

-1x10

h2_dpopWS_v_dpopSS_C08

Entries  2600

Mean x  0.0004912

Mean y  0.0004687

RMS x   4.788e-05

RMS y   2.55e-05

       0       0       0

       2    2598       0

       0       0       0

0

2

4

6

8

10

12

14

16

h2_dpopWS_v_dpopSS_C08

Entries  2600

Mean x  0.0004912

Mean y  0.0004687

RMS x   4.788e-05

RMS y   2.55e-05

       0       0       0

       2    2598       0

       0       0       0

dpopWS_v_dpopSS_ha_C08
)

0.0035 0.004 0.0045 0.005 0.0055 0.006

-1x10

h2_dpopWS_v_dpopSS_C08_py

Entries  2600

Mean   0.0004687

RMS    2.553e-05

Underflow       0

Overflow        0

0.0035 0.004 0.0045 0.005 0.0055 0.006

-1x100

20

40

60

80

100

120

140

160

h2_dpopWS_v_dpopSS_C08_py

Entries  2600

Mean   0.0004687

RMS    2.553e-05

Underflow       0

Overflow        0

dpopWS_v_dpopSS_ha_C08
)

0.0035 0.004 0.0045 0.005 0.0055 0.006

-1
x10

h2_dpopWS_v_dpopSS_C08_px

Entries  2600

Mean   0.0004912

RMS    4.787e-05

Underflow       2

Overflow        0

0.0035 0.004 0.0045 0.005 0.0055 0.006

-1
x100

10

20

30

40

50

60

70

80

h2_dpopWS_v_dpopSS_C08_px

Entries  2600

Mean   0.0004912

RMS    4.787e-05

Underflow       2

Overflow        0

dpopWS_v_dpopSS_ha_C08
)

2650 2700 2750 2800 2850 2900 2950 3000 3050
0

0.5

1

1.5

2

2.5

3

3.5

4

h2_dpopWS_o_dpopSS_v_Store_C08

Entries  2600

Mean x 
�

   2814

Mean y  0.9592

RMS x    100.6

RMS y   0.06244

       0       0       0

       0   2598      0

       0       2       0

0

2

4

6

8

10

12

14

16

18

h2_dpopWS_o_dpopSS_v_Store_C08

Entries  2600

Mean x 
�

   2814

Mean y  0.9592

RMS x    100.6

RMS y   0.06244

       0       0       0

       0   2598      0

       0       2       0

dpopWS_o_dpopSS_v_Store_ha_C08
)

Figure61: Antiproton beam,horizontal detectors, nominal lattice: Stores2650-2997, 150 GeV CaseBeforeRamp: Comparisonsof
recalculatedδp  p basedon T:SBD[A,P]SS(Gaussianfit sigma)andT:SBD[A,P]WS (RMS) ACNET variables:δp  p basedon RMS
versusδp  p basedonsigma;δp  p basedonRMS; δp  p basedonsigma;ratioof δp  p basedonRMS andsigmaversusstorenumber.
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Figure62: Protonbeam,horizontal detectors,nominal lattice: Stores2650-2997,150GeV CaseBeforeRamp:Comparisonsof longitu-
dinal bunchlength(in ns) asreportedby SBD according to Gaussianfit sigmaandRMS (basedon T:SBD[A,P]SSandT:SBD[A,P]WS
ACNETvariables): RMS versussigma;RMS; sigma;ratioof RMS andsigmaversusstorenumber.
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Figure63: Protonbeam,horizontal detectors, nominal lattice: Stores2650-2997, 150GeV CaseBeforeRamp: Comparisonsof recal-
culatedδp  p basedon T:SBD[A,P]SS(Gaussianfit sigma)andT:SBD[A,P]WS(RMS) ACNET variables: δp  p basedon RMS versus
δp  p basedonsigma;δp  p basedonRMS; δp  p basedonsigma;ratioof δp  p basedonRMS andsigmaversusstorenumber.
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Figure64: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2650-2997,980GeVCaseRemoveHalo: Comparisonsof longi-
tudinalbunchlength(in ns) asreportedby SBD according to Gaussianfit sigmaandRMS (basedonT:SBD[A,P]SSandT:SBD[A,P]WS
ACNETvariables): RMS versussigma;RMS; sigma;ratioof RMS andsigmaversusstorenumber.
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Figure65: Antiproton beam, horizontal detectors, nominal lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of
recalculatedδp  p basedon T:SBD[A,P]SS(Gaussianfit sigma)andT:SBD[A,P]WS (RMS) ACNET variables:δp  p basedon RMS
versusδp  p basedonsigma;δp  p basedonRMS; δp  p basedonsigma;ratioof δp  p basedonRMS andsigmaversusstorenumber.
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Figure66: Protonbeam,horizontal detectors, nominal lattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisonsof longitu-
dinal bunchlength(in ns) asreportedby SBD according to Gaussianfit sigmaandRMS (basedon T:SBD[A,P]SSandT:SBD[A,P]WS
ACNETvariables): RMS versussigma;RMS; sigma;ratioof RMS andsigmaversusstorenumber.
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Figure67: Protonbeam,horizontaldetectors,nominal lattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisonsof recal-
culatedδp  p basedon T:SBD[A,P]SS(Gaussianfit sigma)andT:SBD[A,P]WS(RMS) ACNET variables: δp  p basedon RMS versus
δp  p basedonsigma;δp  p basedonRMS; δp  p basedonsigma;ratioof δp  p basedonRMS andsigmaversusstorenumber.
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Figure68: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2650-2997,150GeVCaseBeforeRamp:Comparisonsof sigma
squaredof thebunchwidth distribution measurements asdoneby Flying Wire (FW) E17Detectorwith measurementsdoneby FW E11
Detector:Sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theFW E17Detectorversussigmasquaredof thebunch
width distribution (in mm2) asmeasuredby theFW E11Detectorwith anoverlaid horizontalprofilewith astraightline fit, thetwo straight
linesareedgesof theplain resultingfrom thefit basedpredictionof E17measurementgivenE11sigmameasurement andminimum and
maximum of δp  p usedin thefit; Sigmasquaredof thebunch width distribution (in mm 2) asmeasuredby theFW E17Detector;Sigma
squaredof thebunch width distribution (in mm2) asmeasuredby theFW E11Detector;Differenceof sigmasquaredof thebunch width
distribution (in mm2) asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby
theFW E11Detectortimesratioof nominal betafunctions: σ 172 � σ11

2β17
 β11 versusstorenumber with anoverlaid horizontal profile

with a straightline fit.
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Figure69: Antiproton beam,horizontal detectors, nominal lattice: Stores2650-2997, 150 GeV CaseBeforeRamp: Comparisonsof
the combined sigmasquaredof the bunchwidth distribution measurementsasdoneby Flying Wire (FW) E17andE11 Detectorswith
recalculatedδp  p basedon T:SBD[A,P]WS(RMS) ACNET variables: Difference of sigmasquaredof thebunchwidth distribution (in
mm2) asmeasured by the FW E17 Detectorand sigmasquared of the bunchwidth distribution (in mm 2) asmeasuredby the FW E11
Detectortimesratio of nominal betafunctions: σ 172 � σ11

2β17
 β11 versusrecalculatedδp  p squared(basedon δt theT:SBD[A,P]WS

ACNET variable) with anoverlaid horizontal profile with a straightline fit; Difference of sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theFW E11
Detectortimesratioof nominal betafunctions: σ17

2 � σ11
2β17

 β11; recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNET
variable); Differenceof sigmasquared of thebunchwidth distribution (in mm 2) asmeasuredby theFW E17Detectorand sigmasquared
of thebunchwidth distribution (in mm2) asmeasuredby theFW E11Detectortimesratioof nominal betafunctions: σ 17

2 � σ11
2β17

 β11

over recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNETvariable)versusstorenumberwith anoverlaid horizontalprofile
with a straightline fit.
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Figure70: Protonbeam,horizontal detectors, nominal lattice: Stores2650-2997, 150GeV CaseBeforeRamp: Comparisons of sigma
squaredof thebunchwidth distribution measurements asdoneby Flying Wire (FW) E17Detectorwith measurementsdoneby FW E11
Detector:Sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theFW E17Detectorversussigmasquaredof thebunch
width distribution (in mm2) asmeasuredby theFW E11Detectorwith anoverlaid horizontalprofilewith astraightline fit, thetwo straight
linesareedgesof theplain resultingfrom thefit basedpredictionof E17measurementgivenE11sigmameasurement andminimum and
maximum of δp  p usedin thefit; Sigmasquaredof thebunch width distribution (in mm 2) asmeasuredby theFW E17Detector;Sigma
squaredof thebunch width distribution (in mm2) asmeasuredby theFW E11Detector;Differenceof sigmasquaredof thebunch width
distribution (in mm2) asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby
theFW E11Detectortimesratioof nominal betafunctions: σ 172 � σ11

2β17
 β11 versusstorenumber with anoverlaid horizontal profile

with a straightline fit.
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Figure71: Protonbeam,horizontal detectors,nominal lattice: Stores2650-2997, 150 GeV CaseBeforeRamp: Comparisonsof the
combinedsigmasquaredof thebunch width distribution measurementsasdoneby Flying Wire (FW) E17andE11Detectorswith recal-
culatedδp  p basedon T:SBD[A,P]WS(RMS) ACNET variables:Differenceof sigmasquaredof thebunch width distribution (in mm 2)
asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detector
timesratio of nominal betafunctions: σ 172 � σ11

2β17
 β11 versusrecalculatedδp  p squared(basedon δt theT:SBD[A,P]WSACNET

variable) with anoverlaid horizontal profile with a straightline fit; Differenceof sigmasquared of thebunchwidth distribution (in mm 2)
asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detector
timesratioof nominal betafunctions:σ17

2 � σ11
2β17

 β11; recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNETvariable);
Difference of sigmasquared of the bunchwidth distribution (in mm 2) asmeasuredby the FW E17 Detectorand sigmasquaredof the
bunchwidth distribution (in mm2) asmeasuredby theFW E11Detectortimesratio of nominal betafunctions: σ 17

2 � σ11
2β17

 β11 over
recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNETvariable) versusstorenumberwith anoverlaid horizontalprofilewith
a straightline fit.
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Figure72: Antiprotonbeam,horizontaldetectors,nominal lattice:Stores2650-2997,980GeVCaseRemoveHalo: Comparisonsof sigma
squaredof thebunchwidth distribution measurements asdoneby Flying Wire (FW) E17Detectorwith measurementsdoneby FW E11
Detector:Sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theFW E17Detectorversussigmasquaredof thebunch
width distribution (in mm2) asmeasuredby theFW E11Detectorwith anoverlaid horizontalprofilewith astraightline fit, thetwo straight
linesareedgesof theplain resultingfrom thefit basedpredictionof E17measurementgivenE11sigmameasurement andminimum and
maximum of δp  p usedin thefit; Sigmasquaredof thebunch width distribution (in mm 2) asmeasuredby theFW E17Detector;Sigma
squaredof thebunch width distribution (in mm2) asmeasuredby theFW E11Detector;Differenceof sigmasquaredof thebunch width
distribution (in mm2) asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby
theFW E11Detectortimesratioof nominal betafunctions: σ 172 � σ11

2β17
 β11 versusstorenumber with anoverlaid horizontal profile

with a straightline fit.
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Figure73: Antiproton beam, horizontal detectors, nominal lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisons of
the combined sigmasquaredof the bunchwidth distribution measurementsasdoneby Flying Wire (FW) E17andE11 Detectorswith
recalculatedδp  p basedon T:SBD[A,P]WS(RMS) ACNET variables: Difference of sigmasquaredof thebunchwidth distribution (in
mm2) asmeasured by the FW E17 Detectorand sigmasquared of the bunchwidth distribution (in mm 2) asmeasuredby the FW E11
Detectortimesratio of nominal betafunctions: σ 172 � σ11

2β17
 β11 versusrecalculatedδp  p squared(basedon δt theT:SBD[A,P]WS

ACNET variable) with anoverlaid horizontal profile with a straightline fit; Difference of sigmasquaredof thebunchwidth distribution
(in mm2) asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theFW E11
Detectortimesratioof nominal betafunctions: σ17

2 � σ11
2β17

 β11; recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNET
variable); Differenceof sigmasquared of thebunchwidth distribution (in mm 2) asmeasuredby theFW E17Detectorand sigmasquared
of thebunchwidth distribution (in mm2) asmeasuredby theFW E11Detectortimesratioof nominal betafunctions: σ 17

2 � σ11
2β17

 β11

over recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNETvariable)versusstorenumberwith anoverlaid horizontalprofile
with a straightline fit.
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Figure74: Protonbeam,horizontal detectors, nominal lattice: Stores2650-2997, 980GeV CaseRemove Halo: Comparisons of sigma
squaredof thebunchwidth distribution measurements asdoneby Flying Wire (FW) E17Detectorwith measurementsdoneby FW E11
Detector:Sigmasquaredof thebunchwidth distribution (in mm 2) asmeasured by theFW E17Detectorversussigmasquaredof thebunch
width distribution (in mm2) asmeasuredby theFW E11Detectorwith anoverlaid horizontalprofilewith astraightline fit, thetwo straight
linesareedgesof theplain resultingfrom thefit basedpredictionof E17measurementgivenE11sigmameasurement andminimum and
maximum of δp  p usedin thefit; Sigmasquaredof thebunch width distribution (in mm 2) asmeasuredby theFW E17Detector;Sigma
squaredof thebunch width distribution (in mm2) asmeasuredby theFW E11Detector;Differenceof sigmasquaredof thebunch width
distribution (in mm2) asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby
theFW E11Detectortimesratioof nominal betafunctions: σ 172 � σ11

2β17
 β11 versusstorenumber with anoverlaid horizontal profile

with a straightline fit.
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Figure75: Protonbeam,horizontal detectors, nominal lattice: Stores2650-2997, 980 GeV CaseRemove Halo: Comparisonsof the
combinedsigmasquaredof thebunch width distribution measurementsasdoneby Flying Wire (FW) E17andE11Detectorswith recal-
culatedδp  p basedon T:SBD[A,P]WS(RMS) ACNET variables:Differenceof sigmasquaredof thebunch width distribution (in mm 2)
asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detector
timesratio of nominal betafunctions: σ 172 � σ11

2β17
 β11 versusrecalculatedδp  p squared(basedon δt theT:SBD[A,P]WSACNET

variable) with anoverlaid horizontal profile with a straightline fit; Differenceof sigmasquared of thebunchwidth distribution (in mm 2)
asmeasuredby theFW E17Detectorand sigmasquaredof thebunchwidth distribution (in mm 2) asmeasuredby theFW E11Detector
timesratioof nominal betafunctions:σ17

2 � σ11
2β17

 β11; recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNETvariable);
Difference of sigmasquared of the bunchwidth distribution (in mm 2) asmeasuredby the FW E17 Detectorand sigmasquaredof the
bunchwidth distribution (in mm2) asmeasuredby theFW E11Detectortimesratio of nominal betafunctions: σ 17

2 � σ11
2β17

 β11 over
recalculatedδp  p squared(basedonδt theT:SBD[A,P]WSACNETvariable) versusstorenumberwith anoverlaid horizontalprofilewith
a straightline fit.
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